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Wc have developed procedures to examine the satus of chromosome l8q 
..:h iiolymorph:: genetic markers and DNA ^xoT^ toimalin-fixed. paraffin, 
embedded tumors. Allelic loss of chromosome iSq was assessed in 145 
consecutively resected stage II or III colorecta. carcinomas. 

Among patients with suge II disease, ine five-year survival rate was 93 
percent in those whose tumor had no evidence or allelic loss of chromosome 18q 
and 54 percent in those with allelic loss: among paiicnu with suge III disease, 
5 jr\ival was 52 and 38 percent, respectively. 
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Invention Title: c HROMOSOMf- isy Loss AND prognosis IN coi.ciRi CT \i f wc! k 

The following statement is a full description of this Invention, including the best 
method of performing it known to us: 
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CHROMOSOME I8Q LOSS AND 
PROGNOSIS IN COLORECTAL CANCER 



INTRom f "TlftV 

Tht* in\irniion rcljic% to mcthiHK l«<r .i%<<NMns: the rnvniKi^ p^sicnu 
h.i\tfis: lanvcr li h.i» punuular. .ilih«iu{:h h> n.. ukms cwiuMXi- .ipplujt:..ii •.. 
nv«h.i.Js lit dcicrmtniaj: the proirn***!" «»l pain'W* hj\ ;nj: »iil..rivt.il cancer 

^^^cK«;.Rao:lim■ulJiJl^^:^:^.|.^>^ 

• ••M.'-.i- .tK»: t.niM,-» i»l Jcjifi Im::. in t'.w I :i:U«! Cufri,-.'"-. 

r">" ^'Uviinj: p.i»ii".N i.-r p. vr.civc .iJu;v.c: ihir-'p-. 

■::.,:r.;v . I. -•..:! .tr..'. Jinu..! P.,,,,-.,.. „„h IWI | 

^ ^•'»'l:n^^^ S'ucI war:, wiih n.»|*mp}. 

C!r.:nauJ J.h-jm- Iuu- 4 vcr> p.H.| m.i-.:v.i! r.it;- H..%if\oi. pu-iiusiiij: ::h- 
i:> pu:ui:i. u.th i uciiikMuu- ik .|,ituii:i I\,iicnN unit .ujsc il .»«l,.rc.i..l 

».uuvr HiiU-* M.:j:i H luin.T .Aicnainj: ihroi-jrh ihc Kmcl ujII. u:ih..;n 
Ivniph tusk- »iiUM.iM^. luM- .1 r,u- vear »urxivai fjic of aKnii Tllpcucm. aaJ 
th..x- «..!. .Ui.v III J,.oa^- .r)ukc^ siaj:c C regional lymph-rnxk- nK-UMaMo ha%i- 
J raic ..I onl> 4Ci 1.. 50 percent ^ Adjuvani ihcrar> mipo^c* ihc .nitc.wic in 



subgroups of patients, but ic leads to substantial morbidity.* ' Better means of 
formulating the prognosis in patients with colorectal cancer would improve the 
selection of patients for adjuvant chemotherapy and radiation .hcrapy. 

Colorectal cancers result from the accumulation of several distinct genetic 
-« altemtions involving the K-ras oncogene on chromosome i: and tumor-suppressor 
genes on chromosomes 5. 17. and 18.-' J^c shon arm of chromosome 17 (l7p, 
and the long arm of chromosome 18 (18q) ait frequently lost in colorectal tumors. 
TTis observation led to the dlcrovery that inactivation of the p53 and f)CC gene 
(located on chromosomes 17p and 18q. respecuvely, probably contributes to the 
: neoplastic txansformaUon of coIorecaJ epithelial cells.=' " .Although stud.es of the 
biochemical mechanisms underlying .he developme,. of colorectal cancer are just 
beginning, the genes in>-olved in this process have the poten,...l ,o scr^e as maricers 
in diagnosis and prognosis. 

w. tave p,«-io«ly sho.„ ,la, disani neas«>i5 of co;««ul can.-.: ,s 
wi* ^etio.. of d„om„„™s 17p ^ ,3, ^ ^.^^ 
Chromosomal U««, *™.,ta>, ft. ^„ 

«... <^ t,«om«on» I7p „ ck,omo«m. ,8, h« prognose 
Ho....^. p^,.„ ^„ ,^ ^^^^ ^. ^ ^^^^^^ ^ 

cU»iC ^..^ ^^^^^ 

Ur,. Of DNA. ,p«i^ p^„^ „ ^ 

.»m.J a™, i„fl.„,™„^ eelU wi*to ,h. ,„ ^ 

Polymon,hi.ms (RFLP.,. „Hich « ,f«„ ^ ^. ^ 
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Thus there is a need in the an for a test vihich can be used in a routine 
clinical setting, which docs not require frc$h-fro7en tissues, which docs not require 
large iquantities of DNA, and ^^hich doci not dcpj^nd un heterozygosity of 
rcstriction-fragment-lengih polymorphisms. 
Sl-4Nf ARV OF THE INVENTIOV 

It is an object of the invention to provide molecular genetic tests for 
assessing the prognosis of patients with colorectal cancer. 

This and other objects of the invention are prov ided by one or more of the 
embodiments described below. The pfcseni invention provides a r.cihod of 
dc:crmin:ng prognosis of patients having TN.M s-^ge II colorecal cancer. The 
method comprises: comparing polymorphic gcr,e::c markers or, chromosome !Sq . 
;n tumor tissue of the patient to gcne::c markers or. chromosome ISq sn normal 
tissue, tn order to determine somatic kns of markers or. cnrom%Kome iSq; 

determining a prognosis by applying the ^ic:c:r^:rxi Komntic loss of jnarkers 
on chromosome 18q in the patient to outcome data ohi^:ncd on a population of 
patients consisting of stage II colorecul cancer patients. 

In another embodiment of the invention a method of determining prognosis 
of patients having colorectal cancer is provided. The method comprises: 
amplifying polymorphic genetic markers in (a) a formalin-tlxed, paraffin-embedded 
tumor tissue of a pauent having colorectal c?-cer and (b) a formalin- fixed, 
paraffin-embedded normal tissue of said patient; comparing said amplified markers 
from tumor and normal tissue to determine somatic loss of said markers on 
chromosome I8q, somatic loss of a marker on chromosome ISq indicating a. 
poorer prognosis for the patient. 
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BRIEF DKSrRIPTlOV OF TlIE DRAWINGS 

Ftgure 1. Strategy for Determining the Allelic Status of the Long Arm ot 
Chromosome 18. 

Neoplastic tissue and non-neoplastic control tissue were separated by 

5 microdissection of routine hisiopathological sections from resection specimens. 

TotaJ genomic DNA was isolated from each tissue sample. The polymerase chain 

reaction (PCR) was used to amplify polymorphic microsatellite markers capable 

of distinguishing between the maternal and paternal copies of chromosome 18. 

Allelic loss (alleles arc designated as A and B on chromosome IS) was observed 

as absence or a relative reduction of the PCR product corresponding to the lost 

chromowmal arm. (On the slide label. iHH stands for Johns Hopkins Hospital.) 

FiciRE 2. Chromosome 18q .Markers and TTielr Association with .MetastasU 
in the Pilot Study. 

Chromosome 18q markers are listed from centromere (top) to telomere 
{bottom). The estimates of genetic distances between each marker and the one 
(Jirecilv above it are shown in ccniiMorgans (cM) and are based on recombination 
frequencies averaged for sex. The odds in favor of the listed order of markers 
relative to each other, against pairwise inversion (i.e.. revered order of the pair 
of markers), were greater than I million to 1 in every case. The extent of 
chromosomal loss in the tumors is indicated by the shaded area. The presence of 
meususes in patients was determined as previously described." In 25 patients 
there was loss of all studied markers, and in 5 padents there was loss of the six 
most distal markers; in 1 patient the tumor had lost only the most distal marker. 
The DCC gene lies between markers D18S65 and D18S69. 



FlGl-RE 3. Chromosome 18q Allelic Loss inDNA from Formalinin-Rxed 
Paraffin-Embedded Tumor Sections. 

Dinudcotidc-repeat assays were carried out on DNA obtained from tumor 
and non-ncoplastic tissues of the same histopathological section. Allelic loss of 
chromosome I8q was obsened when one of the two a'.'.eles present in the non- 
neoplastic tissue (N lanes) was absent or reduced in intensity m the tumor (T 
lanes). The chromosome I8q markers shown are DISS58 (upper panclsi and 
D18S61 (lower panels). The tumors in panels 2. i, 5. t«. 8. and 9 showed 
chromosome I8q loss (arrowheads), whereas those in panels 1. T. and 10 did 
not show loss. 

FiGLTiE 4. overall Survival of PaUents with Colorectal Cancer. .According to 
TNNI Stage Alone (Panel A) and Both TNM Stage and Chromosome 18q 
Allelic Loss (Panel B). 

The survival rate of patients with swce 11 disease was signitu-ar.tly better 
than that o: patiems wuh susge III disease (P = 0.W6.. However, when the 
patients were subdassitled according to their status for chron-.osome ISq. the 
sui% ival rate of patients with stage II disease whose tumor had chromosome iSq 
allelic loss was similar to ih.ii of patients with stage III tlisease. whereas patients 
with stage II disease whose tumor retained both alleles of chromosome ISq had a 
significantly better outcome (see Table 3). 

nPTAn nF ^rpnmnv or pf^ PBFFgRREn EMBODIMENTS 

It is a discovery of the present invention that the status of chromosome I8q 
has strong prognostic value in patienu with stage II colorectal cancer. The 
prognosis in patients with stage II cancer and chromosome I8q allelic loss is 
similar to that in j-»atienu with stage III cancer, who are thought to benefit from 



adjuvant therapy. In contrast, patients with stage II disease who do not have 
chromosome I8q allelic loss in their tumor have a survival rate similar to that of 
. patienu with suge I disease and may not require additional theriipy. 

In addition, it is a discovery of the present invention thai polymorphic 
genetic markers can be amplified from standard formalin-ilxed. parafi'in-embedded 
tumor tissue and that the amplifications are sutTicieniiy quantitative so that loss of 
the markers can be obserxed. Moreover, it has been lound that a small number 
of markers will provide informative data {i.e.. hetcrorygosityj for a vcr>- high 
proportion of tumor samples. These findings make possible the application of a 
test for chromosome ISq loss to routine chnica.' $::u£::op.s. 

Suitable polymorphic ge.-.ciic markers on chK-rr-o.-orrc ISq for ;c>:ing .riay 
be resinction fragment length polymorphisms FLfs i . x an.iMc number or ta.-. Jem 
repeats (V.STRs). microsatellites. o? other polxmc-.'::.- ir.i-kers, Thcv .T.a*. oe 
assayed by any means known in the art. including but rw limited to polymerase 
chain reaction (PCR). and allele-speciilc ligase reaction. Suitable tumors lor 
testing are any which demonstrate loss of chromosome liq. These include tumors 
of the breast, pancreas, uteres, colon, rectum, stomach, esophagus, prosate. x-.d 
blood. 

To develop a practical molecular genetic test for assessing the prognosis of 
patients with colorecal cancer, we used formalin-fixed paraffin-embedded sections 
as a source of DNA and highly polymorphic microsatellite markers to determine 
the sutus of chromosome I8q. Microsatellite markers are shon-tandem-repeai 
DNA sequences located throughout the genome. They are readily assayed by 
polymerase^hain-reacUon (PCR) amplification of sm^ amounts of DNA and gel 



elcc.rophorcs.s. The ruo alldic u.r^, of the n..,CT.sa.eIht« .n norn^al ceils, 
one innerited from «ch parent, migrate on c.-ct:ophorc5,$ as !uo bands of 
norly equal intensity but different s,^es. . (-h:o:r.o.soma! losses :n ,un,or tmues 
cause a loss of one of the .wo PCR pro<i.c:s or a change :r. the.r rclauve 
:• intensities .Fig. 1). Wc used this ,echr.;que to de:erT.:ne that chrocoso.^e !Sq 
loss is a prognovic marker in colorectal cancer. 
Patients 

One hundred fony-five sa.r.ples of s-^ge ri or III s?..ru^:c co.o:ccu:l 
carcinoma uere oha,ned for evaluation o: the :ois of chro.To.rme i.v'c. Tr.cv 

-ere obtained consecutively from c:.ra:ive sx'|:cal .-chv::o.-.s o: pr.. a-. • 

t^nor pcrforrred at the Johns Hopkins Ko^p::.: b.:.ecn J.iy i^,. ,,,, 

I^-^. "T^"'^ P^-nc.i *as s.ud:evJ hec.v.se p...:..:.cr.:;^^^^^ ; . 

-ot a(irr.:r.:j:ered routineiy to pa::,r.:.s :r « - 

sra^e .as based on ?a:ho!o£:cJ an^ .^^.^.^ ^ 

prooper.::vc .-.diogr:jrhy. arr^puted tor.opr.rh:. . and ..-.jon.r..; ..,:o.-a:;.n 

I<3nc„.= were cxciuJed .ron ,he aral>« :f tfccy taj cv,j„,. 

lr..e™«o.^ Clbbo^ve Gro.p •• tai nulij™, ^,„„„ 

«« pre^iou. nvx yon. h«, ^ 

«rci„o™ .ssociaw wi,^ ^^^.^^ 

pr~rc«Uve „,ia,io„ 0, c^^., 

.i* .he phy.cU„ p,u.nt Follo.-.»p fi^i.,. ^ „„fi^ ^ 



as of Scpicmbcr 1993. The clinical and paihological characwrisiics of the tumors 
were dcicnninrt by a gasiroinicsiinal paihulogisi wiihoui knowledge of the status 
of chromosome IBq, according to conventional criteria. 
TISSUE AND DNA Preparation 
5 In the pilot study for development of the method. DNA was prepared from 

microdissected cryostai sections of frozen tumor tissues as previously described.*' 
For the prospective snidy. DNA was purified with modified methods for assessing 
allelic loss with PCR."-^ Tissue sections 6 tim thick were obtained from surgical 
specimens that had been fixed in formalin and embedded in paratTm for routine 

i 0 histopaihological examination. The slides were stained with hematoxylin and 
eosin. dehydrated in graded ethanol. and then dned without a cover glass. 
Regions containing at least 70 percent neoplastic cells ucre inked with a black 
marker (Sharpie, Sanford Corp.. Bcll\fcood, III.) under a dissection microscope. 
The black marking irk increased the density of :he tissue and kept it at the bottom 

IS of the tube after centrifiigation. Tissues from 2 to tO slides, each containing a 
blackened region of tumor 0.2 to I cm- in area, were scraped off with a nuo: 
blade and transferred to a l.S-ml Mtcrofuge tube. Non-neoplastic tissue from the 
same slide was then marked and placed in another Microfuge tube. The collected 
tissue samples were deparaffinized in 400 ^1 of xylene for IS minutes and pelleted 

20 by centrifugation at lO.OOOXg for 2 minutes. After the xylene was removed by 
pipene, the tissues were heated at SVC for IS minutes to remove the remaining 
xylene and incubated overnight at S8*C in a buffer containing 0.5 M TRIS (pH 
8.9)» 20 mM EDtA« 10 mM sodium chloride* 0.S mg of proteinase K per 
milliliter, and 1 percent sodium dodecyl sulfate. The samples were boiled in a 



water bath for 10 minutes at lOO'C. cooled to room temperature, and then 
extracted twice with an equal volume of phenol and chloroform, as previously 
described. DNA was precipitated with ethanol and dissolved in 30 m1 of buffer 
containing 3 mM TRIS (pH 7.5) and 0.3 mM EDTA. 
.MICROSATBLUTE MARKERS ASD PCR A.MPUnCA-nON 

Oligonucleotide primers for microsatellite markers from the long arm of 
chromosome 18 were designed on the basis of published sequences." The 
following dinucleoude-repeat markers and primers were used in the prospective 
study: D18S55. 5'GGG AAGTCAAATGCA A A ATC.T and 
5 AGCTTCTGAGTAATCTTATGCTGTG.V: S18S58, 
5 GCTCCCGGCTGGTrm;.and .S GCAGGAA.ATCGCAGGAACrT.'-; DISS6I. 
5 A T T T C T A A G A G G A C T C C C A A A C T * and 
5 A T A T T T T G A A A C T C A G G A G C A T 3 * . D 1 8 S f ^ . 
5 AACTAGAGACAGGCAGAA.V and 5 ATCAGGAAATCGCCACTG.V: and 
D18S69. S CTCTTTCTCTGACTCTGACC.^- and 
5*GACnTCTAAGTTCTTGCCAG3'. It was i:Tjpi>runt to use pnmcrs that 
procuced a PCR product less than 180 base purs in size, because Songer fragments 
did not amplify consistently with DSA punfied from paraffin -embedded sections. 
PCR-based dinudeotide-repeat assays were earned out in 96-weII plates for 30 
cycles: each cycle was carried out at 95 'C for 30 seconds. 50*C for I minute, and 
70'C for 1 minute, with primers end-labeled with '-P-labeled ATP ;o a specific 
activity of more than 10* cpm per microgram of DNA and under the PCR 
conditions previously described.** Two volumes of stop buffer (95 percent 
formamtde. 20 iiM sodium hydroxide, and 0.05 percent bromophenol blue and 
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xylene cyanate) were added at the end of the amplification, and the sample- were 
loaded onto 7 percent polyacr)'iamide gels containing 32 percent formamiCL* and 
5.6 M urea.^ The relative positions of the DCC gene and other chromosome 18 
markers were deienriincd by t>'ping CEPH (Centre d*Etudc du Polymorpnismc 
Humain) reference families t33K 1332. 1347. 1362. and 1416 for DCC and 
using the Clinik program of the Linkage program package^^ to compute tr best 
placement of the gene on a fixed map. 

In the pilot study, the status of chromosome 17p was analyzed in the ^me 
^ay as that of chromosome ISq. with the microsatellite markers D]*>S04, 
D17S7S6. and D17S796-' and a marker m the p53 gene." 

DCTERMINATION OF CHRaMOSOMF IKcj STATI S 

Wc dci'iaed chromosome 1 loss .is the complete or partial loss of ' long 
arm of chromosome 18. Loss of a chromosome iSq allele in a tun- • was 
considered to be present ^^hcn 5hc F'CR assay of adjacent non-r.eop!as:;. :ssue 
showed heterozygosity of ihe microsaiellite markers on the long : of 
chromosome 18; and the relative intensity of the two alleles in the tumor JNA 
differed from the relative intensity in the non-neoplastic tissue DNA by :actor 
of at least 1.5.** When the loss of the allele was not obvious on visual inspection, 
the intensities of the bands were quantitated with a Phosphorlmager (Nfoiecular 
dynamics. Sunn)'vale, Calif.). Some cumors (6 of 43 in the pilot study ani! 18 of 
U7 in the prospective study) yielded PCR products of abnormal sizes with :woor 
more microsatcllitc markers. These lumon were considered to be :n the 
previously described replication error (RER) subclass."" It is difficult to 
ascertain allelic loss of chromosome ISq with microsatelHte markers in RER- 



positive lumors because of ihc instability of the repeats. However, such tumors 
infrequently lose any chromosomes, including chromosome I8q.'' In she pilot 
study reported here, Southern bloi analysis showed that none of the RER-positive 
tumors had lost chromosome 18q.'* Therefore, tumors of the REP type were 
5 included among the tumors with no loss of chromosome 18q in the survival and 
other statistical analyses. 

In the prospective study, two dinuc]eotide*repeat markers from chromosome 
ISq (D18S61 and D18SS8) were sufficient to determine the status of the 
chromosome in 110 of the 135 paraffm-embedded tumor specimens (81 percent;. 

10 Additional markers (D18S69. D18S64, and D18S55) were required only when no 
heterozygosity in either DI8S61 or D18SS8 was present in the non-neoplastic 
tissue, or when atypical bands indicating a potential RER phenot\-pe were observed 
in either marker. 
Statistical a.n'al\*sis 

1 5 The primary statistical outcome in this study was overall survival measured 

from the date of surgery. Event-time distributions were estimated with the 
product-limit method.^ Differences between prognostic factors were tested tor 
statisDcal significance with the log-rank sutistic.^' More generally, we estimated 
the hazard (risk) ratio per unit of change in each level of a potential prognostic 

30 factor relative to a specific base-line level. For example, the risk of death among 
pauents with chromosome ISq loss A-as compared with the risk among patients 
with no loss, for all follow-up time and all patients. For prognostic factors that 
were continuous variables (e.g.« tumor size), the risk ratio was expressed pisr unit 
of change (e.g., per centimeter of increase in size). Haza/d ratios and associated 



95 percent confidence intcnals were csiimaied wuh ihc proponional-haiards 
model.** All reported P values are two-sided. 

The simultaneous effects of more than one prognostic factor were estimated 
by multiple regression in the proportional-haiards model.** In this analysis, all 
factors that were potentially prognostic when considered alone ti.c.. the P value 
was less than 0.15) were entered into a multiple regression model from which 
hazard ratios and signincance levels were estimated. A factor Ciat was not 
statistically significant or that had an estimated hazard ratio near I 0 was removed 
from the model. Hazard ratios and significance levels were then estimated again 
to derive a more parsimonious model. This step-down procedure was continued 
until all remaining factors were significant In some cases, we retained ractor* that 
were not significant soicly to illustrate their lack of effect in the prcvnce o: other 
factors In addition, the effects of prognostic factors *cre controlled H\ s:rai;ricJ 
proponional- hazards regression (e.g.. rccal v\ co;or.;c tumors) to avoid :.^.c 
assumption of proportional hazards 

MlCROS.ATFIiTTE MARKERS FOR CliRO.MOSd.ME I8y ALLEUC LOSS 

To esublish the reliability of dinucleotide-repeat ((CA)J markers for 
determining chromosomal loss, we tested 43 pairs of tumor and non- neoplastic 
DNA samples from fresh-frozen tissues in a pilot study. The chromosomal sutus 
of 36 of these tumors had been analyzed in detail by hybridizing Southern blots 
with DNA probes capable of detecting RFLPs of chromosome 18q.'* Ten 
dinucleotide-repeat markere spanning the entire length of chromosome 18q were 
used to assess the loss of genetic material in this chromosomal region of the 
tumors. The resulu obtained with the dinucleotide-repeat assays corresponded 



pcrtccUy lo the available data on RFLPs. Twenty-seven tumors in which Southern 
blot analysis showed total or partial loss of chromosome iSq had similar \osxs 
according to the (CA).-rcpeat assay, and nme tumors that showed no loss of RFLP 
markers en Southern blot analyses also reuined all informative (CA). markers. 
The status of chromo* ne I8q in the remammg seven tumors (16 percent) was 
determmed with use of (CA)« markers (four of the tumors had loss of chromosome 
ISq. and three nad no loss), but no comparison with Southern blot dau was 
possible because of the lack of informative RFLP markers in these tumors. 

We then examined the association between :hc region of chromosome 18q 
that was lost and the presence of mcususis m the ^3 patients, a!! *' whom had 
been followed at least fivc'vcari (Fig. 2». Mensuscs were founC m 19 of the 25 
patients whose tumors had lost al! the markers studied arJ all 5 patients with loss 
of the SIX most distal markers but not markers more pro\:rr.al In contrast, the 1 
pat:ent whose tumor had lost only the most d:s:ai rr.arkcr tUlSSTOi and 1 1 of 12 
patients whose tumor had not lost any marker were free of metastasis. Thus, me 
dmuclcotide markers D18S6'?. DISSW. D18S55. DISSM. and r)l<S5S tf ig. 2i 
were most closely associated with the presence of metastatic disease. The markers 
were found to be highly polymorphic and produced robust signals in the FCR- 
based dinucleotide-repeat assay. 

In this pilot study we also assessed the loss of chromosome 17p with four 
microsatcllite markers. There was a strong concordance between chromosome I7p 
and chromosome 18q allelic losses (35 of 43 tumors)« as in our previous study.'* ** 
but chromosome I8q allelic loss was more closely associated with metastasis in 
patienu whose tumor had cither chromosome I7p or chromosome 18q allelic loss. 
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AU three patienu whose tumor had chromosome 18q allelic loss but not 

chromosome 17p allelic loss had metasutic disease, whereas, only one of five 

patients with chromosome I7p allelic loss but not chromosome I8q allelic loss had 

metasuses. Therefore, the chromosome ISq markers were chosen for the 

subsequent prospective study. Figure 2 shows the relative chromosomal position 

and genetic distance of these 10 dinucleotide-repeat markers. 

Using Hve chromosome 18q markers, we tested the applicability of the 

dinucleotide-repeat assay (o DNA from formalin-tlxed paratAn-embeddcd tumor 

specimens in the pilot study (Fig. 3). The results of the assays with 17 paraffm- 

. embedded tumor sections coincided precisely with (he results obtiined with DNA 

from cr>'0stat sections of the same frozen tumors (data not shown). 

CUNICAL CH.\IUCTERIS11CS ASSOaATED •^TTII CHROMOSOME I8Q ALLEUC 
Loss 

We used this dinucleotide-repeat assay to evaluate consecutively resected 
tumors from a cohort of 145 patients. We were able to determine the sutus of 
chromosome ISq in 135 of the 145 tumor specimens (93 percent): 6 specimens 
were not analyzed because of insufftcient amounts of tumor or non-neoplastic 
tissue, and 4 specimens could not be analyzed because of failed PCR 
amplificaiions. Table 1 lists relevant clinical characteristics of all 145 patients and 
the 135 patients whose tumors were analyzed for chromosome 18q allelic loss. Of 
the 135 tumors we studied, 90 (67 percent) had either complete or partial loss of 
chromosome 18q (examples are shown in Figure 3). Fewer patients with stage II 
disease had chromosome 18q allelic loss in their tumor than the patients with suge 
III disease (P = 0.007). More than two thirds of the tumors with chromosome 



I8q allelic loss *crc m «»u ;Mi.cnrs lei. colon u e . d.sal to the splenic fle.ure). 
where« two thirds of .he tumors wuhou, chromosome 1 8q allelic loss *-ere on :he 
nght><0.001l. -Pte frequency oi 18m allelic loss among pat.enu w.th colon 
canccn was not s.gn.f.can.ly different from the frequency among those w,th recul 
cancers <P - 0.12). Pa.ients receivmg adjuvan. therapy were more common in 
the group w,.h chromosome I8q allelic lusx iP » because adjuvan. .^.c^3?y 
was given more frequently for sufc III cancer than for suge U cancer C.S of ^6 
patienu and 6 of t9 paticms. respccf^ely. a: the Cose of this study. S3 percent 
of the patients without -hromosome I8q allelic losv and 58 percent of the patients 
with chrotr.o5or.c ISq allelic loss vcrc .sl;vc a: the ::r.c of :^c Us: :oI5(m.-p 
evaluation .H « 0 C«)5i. The ncan .oiiow -.ip f.x.- w;,s 3? months in the paticr.is 
with chromosome ISq .illciic loss and -S n:or.thx in those with -ut such loss 





»«ai^ 












•I 




t<7i 






101 


i>«"?ii 




• MW«t 


«: 


for::i 


:9 0ii 






».* > 


*t 1 






:i)o 


?I0« 








l«iii 


:.>ii:t 




lit 








II 








III 




l»<)M 




f «i*t 


I/A 


•o 


lifMt 
unii 


le<?Oi 




w#n 


l« 


0<ll) 


• c^ 

9««Ul 








I1C»I 


• «0| 




%c» 

Ki» 




sdii 


» (SI 




III 


«Olf«l 








0* 

M 


ST cm 
•oil 


s:iMi 








silo 


Ill 

SIO« 



W) 
WS 
0 017 
CO 001 

oo:» 

000) 
H4 



• 16 • 



Status of Chromosome 18q and Survival 

Clinical stage was a significani prognostic factor for survival (Fig. 4A). 
In this cohort of patients the overall five-year survival rate was 74 percent in those 
with suge 11 disease and 42 percent in those with stage III disease. However, 
3 when the sutus of chromosome I8q was considered, the five-year survival rate 
was 93 percent in patients with suge II disease whose tumor had no chromosome 
I8q allelic loss and 54 percent in patients in the same suge whose tumor had 
chromosome I8q allelic loss (Fig. 4B). The surwiyal rate in the latter group of 
patients did not differ significantly from the survival rate among patients with stage 

10 III tumors. The survival rate among patients with stage III colorecul cancer was 
independent of their status for chromosome iSq^ Similar results were obtained 
when disease-free survival was the end point and when colonic and rectal tumors 
were analyzed independently. Adjuvant therapy had no significant effect on the 
outcome in this study (Table 2). 

1 s Chromosome 18q allelic Loss and Other FR0(;N0.vnc Factors 

Besides chromosome 18q allelic loss, other ^'actors were associated with a 
higher or lower risk of death when these factors were considered individually. 
Chromosome I8q allelic loss, advanced tumor stage, extramural vein invasion* 
perineural invasion, and poor tumor differentiation were all associated with a 

20 significantly poorer prognosis, whereas white race and female sex were associated 
with a better prognosis (Table 2). However, as is frequently the case in such 
analyses, there were correlations among the various prognostic factors we 
analyzed. As examples, patienu in an advanced stage of disease had a higher 
frequency of poorly differentiated tumors, and poorly differentiated tumors were 
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more likely lo involve veins and nerves. In such situations, individual factors arc 
only partially independent with respect to their ability to predict survival. 

To study ihc independent effects of the prognostic factors in ihc presence 
of correlations, we used a multiple regression proportional-hazards model. Tabic 
5 3 shows three represenutions of multiple regression models. The first model 
illustrates the fit of a roughly optimal set of prognostic factors in the cohort of 
patients — that is. the addition of any other recorded vanable did no; yield 
prognostic informauon independent of the information produced by the factors 
listed. It is noteworthy that in pa::cn:s v^hose tumor had chromosome 18q allelic 

10 loss, the risk of death was more than doubled. c\cn a:icr adiuMrnem for vein 
involvement, grade of tumor differentiation, and race tTabic ?. moJel I). VVlicn 
the TNM stage was added to thjs ^c: of prcJtctors. this factor seemed to be 
redundant (i.e.. it did not provide additional progrosnc !n:i-rTr.ai:oni in the group 
Mudied. which consisted of patients wuh suge II and stage III disease only (Table 

: 5 3. model 2). The factors that were redundant with TNM stage were not easily 
idcntitlable. but when vein invasion was removed from the regression model, the 
estimated hazard ratio for TN.M suge increased tTabtc 3. model 3k retention of 
either tumor differentiation or vein involvement decreased the estimated prognostic 
effect of TNM suge. In contrast, the significance of chromosome ISq allelic loss 

20 2s a prognostic factor remained nearly the same despite the inclusion of other 
factors in the regression analysis. Furthermore, when those models were stratit*ied 
according to tumor site (colon vs. rectum), the estimated hazard ratios, P values, 
and confidence intervals were essentially unchanged. 
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r«b«e 2. Estimafetf Hw^ Ratios lor S«keaed individual 
Pfognostic f»aor% m ah us Patients Siud«ed 
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These results demonstrate that chromosome !Sq allelic loss is an important 
prognostic marker in patients wuh s:agc U colorectal canj* r. The subgroup of all 
patients with stage II disease whose tumor had regained Nvh alleles of chromosome 
iSq (45 percent of ail these patients) had an cxcc!!trnt outcome (ilve-year surv ival 
of 93 percent), whereas survival in patients with stage II disease whose tumor had 
lost one allele of chromosome ISq was similar to that tn patients v^ith stage III 
disease (five-year sun-ival of 54 percent) (Fig. 4B). Alihi^ugh the majority of the 
patients we studied had colon cancer, our results suggest that the prognostic value 
of allelic loss of chromosome iSq also penains :o rcjuil cancer. Our study 
suggests that adjuvant therapy wuh levam:solc and fi ji*:ouraci:. uh:ch reportedly 
^eneflts patients with stage III disease/ may also oi- .ippropr.atc tor patients with 
v»age II disease whose colonic tumors hive lost chriTnoson:^ 

Patients with stage III di.^ca.^e had a sgn-.tlcin:!;. higher !*rcc;:;cncy of 
chromosome 18q allelic Ios.n than d:c those u;:h s:.ij:c 11 JjsL'asc pcrccru 
55 pcrccRi) (Table 1). but chromosi^me iSq allelic loss had no stgnincant 
prognostic value in paiienii with stage III disease This finding ma> relate to the 
Ci^mplexiiy of the metastatic process: allelic lo^s of chromosome ISq is clearly not 
a prerequisite lor metastasis in colorectal cancer. It is thus possible .hat some 
yjigz III tumors have a worse prognosis through pathways that do not involve 
chromosome 18q. 

In addition to the status of chromosome ISq. several conventional factors 
also had prognostic value in our study. These included invasion of e.xtramural 
veins by tumor cells, perineural invasion, and poor tumor differentiation. These 



facion, however, can van- considerably wiihin ihc same tumor and can be 
perceived differeniJy from obscrxer to observer. 

Rapid advances in ihe molecular genetics of colorecuJ cancer have 
stimulated attempts to use molecular markers for assessing prognosis in patients 
with this disease. Altered total DNA consent (aneuploidy). assessed by dow 
cytomeiry, can correlate with advanced tumor sage, poor tumor differentiation, 
and relatively poor survival/* but the technical diiT:cu!iics of ilow cytomcir%* have 
led to conflicting results.^ Fractional allelic loss. assa\ed by Seutnem blot 
analysis, has been u>ed as a meaj ;e of chror-.osorr.al less throughout the 
genome.*^ High fractional aliclic loss :s i>s.vi.;:cJ -a ::h p^vr sjr% :\ iJ. bj: :hc 
large number of chrcT.osomal sues nccJcJ .-.-.alvMs rcnJcrs :r.e r-crhcni 
impractical for routine use 

Microsateilite ins:ab;l::\. j .riar.:fe>:;::.v»r. o: :ho KMX pni-notvpc. r.as been 
described in sporadic colorccu! carwir.or.aa • " •* .-..-.c •vj:vii::.-:r, r.or.-?v>;\ rvijs 
colorectal cancer.-* " In our Mudy, the ::ve->ear >ur-:v.ji rate of the 1> patients 
with RER-positive tumors was indistinguishable from that of the ZS patients vihose 
tumors had retained chromosome 18^ and ucre RER negative. These results agree 
with other reports that RER-positive tumors have a lower tendency to measasizc 
than RER.negaiive tumors and that patients with RER.pi>siiive tumors have 
relatively good sur>ival.** Our pilot study showed that RER-posiuve tumors do 
not often lose any allele of chromosome ISq. I: is possible that the better outcome 
in patients with RER.posiiive tumors is a result of retention of both alleles of 
chromosome ISq. 



Certain specific genetic alieranons have also been studied as potential 
profnostic markers. Aciivaung muutions of" ras proto-oncogenes and loss of the 
nm:3 gene have been reported to ha\e prognostic tr.ponar.ce.''^' One of the n?o$: 
commonly affected genes in human cancers is p5.V** '' MutaiionaJ inacuvation of 
the p53 gene often accompanies the loss of chronoiome ;"p. and accumuiatjon of 
the mutated protein occurs frequenUy in coiorecal cancers. Such mutation or 
loss of p53 has made it potentially useful tor diagnos-.s and prognosis. * * ' In 
our pilot study, chromosome I7p allelic loss was less closely asscviated uith 
r.eususis than chromosome I3q allelic loss. In our pri>spec::ve $:ycy. 
cvercxpression of p55. as assessed b> imrr.;:r:oh:s;oc.".emicai ^r.siy.i.. -^a not 
useful for determining prognosis. 

Study of the commonly delctetl regions or. tr.Tomoa^mt l<u lej u» :i;c 
icen::t"iC3iion of the candidate :umor-supprc>.;or ^c-i*. DCC (deleted :r. ».\»:c»rc»'UiJ 
cancer). The DCC protein has s;rjc;urai rcat-jrcs :r. .•o:!:.T.v>n vv-h cer^t:.-. :-.pcs 
of ceSl-adhesion moicculcs and may panicipate u::h other protcjni in ccl:-cc:i and 
cell-mawx interactions.""'* The loss of •.•hror.osorre iSq couid thus lead to 
impaired contacts between cells, thereby contributing to tumor growth a.nd 
invasion. Linkage analysis indicates that the DCC gene lies immediately ad.iacert 
to the region of chromosome JSq that ue evaluated in our prospective s!u.\v 
(Ocr.vecn D18S69 and D18S65) (Fig. 2). Interestingly, expression of the DCC 
gene was recenUy shown to be absent in most colorectal cancers that u-ere 
metastatic to the liver, but it was lost only in a minority of nonmetastatic cancers.*' 
This finding supporu the idea that the DCC gene is the biologic basis of the 
association of chromosome I8q with prognosis. However, an additional gene (or 



genes) on chromosome 18 and elseuhcre in the genome may also play a par:, and 
further biochemical and genetic studies are required. 

The prognostic evaluation afforded by the chromosome iSq assay is 
clinically meaningful but imperfect. Although retention of chromosome ISq is a 
favorable finding, the outcome in patients *hose tumor has chromosome 18q 
allelic loss is unpredicuble. and the proenosis of patienu wuh stage HI disease is 
unchanged by toouledge of the sutus of chromosome 18q. In the future, tests for 
the sutus of chromosome 18q may be combined w„h other genetic 
biochemical assays to improve prognostic evaluation m patients wnh colorectal 
cancer. 
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(1) GENERAL INFORMATION: 

(1) APPLICANT: Vogelstein, Bert 

KintUr, Kenneth w. 
Hamilton* Stanley 

(ii) TITLE OF INVENTION: Chomosome 16q Loss and Prognosis 
Colorectal Cancer 

riii) NUMBER OF SEQUENCES: 10 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Banner. Birc^. McRie. 6 Beckett 

(B) STREET: 1001 C Str^—., eleventh floor 
' (C) CITY: Washington 

(D) STATE: D.C. 

(E) COUNTRY: U.S. 

(Fj r-- .:ooi 

(V) COMPJ72R PXADABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(01 SOFTWARE: PatentIn Release #1.0, vers;.rr. #:.:S 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: OS-OCT-1994 

(C) CLASSIFICATION: 

2 5 iviiii ATTORNEY /AGENT INFOR-MATION: 

(A) NAME: Kagan* Sarah A. 

(B) REGISTRATION NUMBER: 32.141 

(C) REFERENCE /OOCF^T NUMBER: il07.45ij2 

(ix) TELECOMMUNICATION INFOP.MATION: 
(A) TELEPHONE: 202.508.9100 
<8) TELEFAX: 202.508.9299 
(C) TELEX: 197430 BB.HS UT 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) NOr^aiLC TYPE: ONA (genoAic) 

(vi) ORIGINAL SOURCE! 
4Q (A) ORGANISM: Homo sapiens 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: I8q 

(B) HAP POSITION: D16SSS 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: It 
45 GGGAAGTCAA ATGCAAAATC 



(2) INFORMATION FOR SEQ ID NO: 2: 



fi) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(Bf TYPE: nucleic acid 
(C) STRANOEDNESS: single 
O) TOPOLOGY t linear 

(ii) HOA.ECULE TYPE: ONA (QenomiC) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: 18q 

(B) MAP POSITION: OIBSSS 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 
AGCTTCTGAC TAATCTTATC CTGTC 



(2) INFORMATION FOR SEQ ID NO: 3: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genoirac) 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: Hono sapiens 

(viii) POSITION IN GENOME: 

(A) CHROMOSOMS/SFGMENT: IBq 

(B) MAP POSITION: DIBSSB 

(XX) SEQUENCE DESCRIPTION: SEQ ID NO: 3 
CCTCCCGGCT GCTTTT 



(2) INFORMATION FOR SEQ ZD NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 
CD) TOPOLOGY s linear 

(ii) MOLECULE TYPEt DNA (genomic) 

(vi) ORIGINAL SOURCE: 

:A) ORGANISM: Homo sapiens 

(Viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: 18q 

(B) MAP POSITION: D16SSB 

(»i) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



GCACGAAATC CCACCAACTT 



(;i IsrORHATIOK rOR SCO W:5: 

ii) SEQUtNCE CHARACTWXSTICS: 
ik\ LCNCTM! 23 bate pairf 
(B) TYPtj nucleic «cid 
<C| STRWIOCONESS: •ir.gU 
13 1 TOPOLOCYs Uneer 

HOLCCULC TYPE: ONK (gencffiiC) 

ivii op:c:Kja. souRCCt 

(Ai ORCMcZSNi Nemo etpiene 

(vk&i) pos:tzon in cchokcs 

(A) CKPOHOSOKE/SECMENT? IBq 

(B) HAP POSZTXOti! 01BS61 

iKi) SEQUENCE DESCRIPTION: SLO 10 NO:S: 
ATTrCTXACA CCACTCCCAA ACT 



(21 INrOPXATXON POP SEQ XO N0t6: 

II) SEQUENCE cmakacter:st:cs: 

(Ai LENGTH: 22 taee pa^re 

(B) TYPE: nucleic ecid 

(C) STRANOEDNESS: •in9ie 
O) TOPOIMYt Uneer 

III) MOLECULE TYPE: OUA l^er.cr.ic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANXSH: Heno Bep;ene 

(Viii) POSITION IN GENOME: 

(Ai CHROMOSOME /SECMEST: 12:; 
(81 MAP POSITION: OlSSfl 

(Kit SEQUENCE DESCRIPTION: SEQ IZ NO:i: 

ATATTTTCAA ACTCACGAGC Kt 



(2) INFORMATION FOR SEQ ID NO: 7: 

il\ SEQUENCE CHARACTERISTICS: 
<A) LCKCTHi IB beee peirs 
(8) TYPCt nucleic ACid 
<C) STRAHDEDNESS: single 
fD| TOPOLOGYi linear 

(ii) MOLCCULS TYPCi DNA (genomiei 

(vil ORIGINAL SOURCBt 

(A) ORGAflXSNi Homo tapiene 

(viii) POSITION IN CENOHEl 

CA| CMHOSONB/SECHENTs ISq 

(B) MAP POSITION t DX6S64 

SEQUENCE DESCRXPTXONt SEQ ID NO:?: 



AACTACACAC ACGCAGAA 



(21 INFORMATION TOn SCQ XO NO:6: 



(!) SEQUENCE CHARACTERISTICS: 
(A) LENCTH: 18 bat« pairs 
iB) TrPE: nueUie acid 
S * IC) STRANDCDNESS: •i09l« 

1 01 TOPOLOCt: linMr 

Ul) HOLECULC Type: ONA (9enoffliC| 

(vi) ORICIKAI. SOURCE: 

(A) ORGANISM: Homo sapiens 

<viii) POSITION IN CENOMEi 

(A) CHROMOSOME/SECHENT: I8q 

(B) MAP POSITION: 018S64 

SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
ATCACCAAAT CCCCACTC 



13 (2 1 INFORMATION FOR SCQ ID NO: 9: 

CD SEQUENCE CHARACTERISTICS: 
<A) LENCTH: 20 base pa xrs 
(3) TYPE: nuclsic acid 
^. (C» STRAKDEDNESS: sinale 

. TOPOLOCT: linear 

(•i) MOLECULE TYPE: ONA .(geno-!iic) 

(Vi, ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

••-•iiil POSITION IN GENOME: 
2:- (Ai CHROMOSOME/SEGMENT: 18e 

(8) MAP POSITION: D18S69 

SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CTCTTTCrCT GACTCTGACC 
(?) INFORMATION FOR SEQ ID NO: 20: 



30 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: Sinole 
(0) TOPOLOGY: linear 

33 (ii) MOLECULE TYPE: DNA (genomic) 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 

(viii) POSITION IN GENOME: 

(B) POSITION: 018569 ' 
SEQUENCE DESCRIPTION: SEQ ID NO:10: 

CACTTTCTAA CTTCTT6CCA 0 



THF. CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS. 



I. A method tif deicrmininj prognosis of paiicnts hjvin$ cancer, 
incluilinj: the steps of: 

;impliiyin.c niicrusaielliie marker* in (a» a formalin- fixed, paraffin- 
embedded .urnor .i>.ue of a pa.icn, having cancer and .hi a f.-rmaiin-fixed. 
para f fin -emhedded normal ii*sue i»f s;iid patient; 

• comparinj: said amplified micro>atellite markers from tumor and 
«.>M.c to determine somatic loss micros^iidhtc markers ,.„ 

• vhromosome ISq. somatic I .f a microsatellite marker ..n chromoMMne INq 

milv.uins: .1 |^H>rcr.pritv:ri»siN loi the p.iiieni. . 

: The meil5..J oi .|.,„„ j u„erein the tum..r is „f an .-r^Mn selected 
.lu- eroup consiM,,,,. ot: hreas,. .nanca-as. uterus, colon, rectum. su.,„acl.. 
i s..plKi-iis. piosMtc. and hlo.«d 



The nieihod oi cl...m I wherein the cance. ,s s.ajjc M colorectal 



•» The method of claim I « herein the mu ro>...cH,.c ni.:rkc nphiWd 

.iiv Ion* ih.in ISO hp in icncih. 

5. The method of claim I wherein the microsatellite markers aa- 
selected fiom the group of markers consi.sti„g of DISS7I. DI.SS57. DISS07. 
r)l7.S65. 1)|.SS69. DIKS64. DIS.S.S.S. DISS6I. DIRS.SS. and DUSS70. 

<v The meth.Hl of claim I wherein the micri>satellite nmkers an? 
-leced from the group consisting of DI8S69. DISSW. DKSS.S5. DISS6I and 
DISS.^S. 

7. The method of claim I wheitin the microsatellite marker; include 
Dl8Se9. DI8S64. DI8S55. DI8S6I. and DI8S58. 



I III* nuMihKl •«! i laiin I wherein (he mK ru^jteniio marker^ invlutic 
DISS'S* an J n;.ss5S 

Iho miMhiHl o\ el.11111 I uluicin the niuffxjielhie marker^ are 
'^eUvieJ iriuii the erniip ci«n%iMink: o\ DISSM jnJ 0IHS5K 

^ M» The iitethiH] of claim 6 uherein prinwr^ tor aitiplir>inj:. vaid 

nii^ u'vitelliie fiiaiker^ have ihe M\(ijeneeH vhoun m Sf y II) NO I \n 

I I I he iiieih«»d ol latin I vUieiein the nornial u^^uc i% non ru'.»r.l.iMu 
iisMie vO:u h v\a% aJiaLent (he Uininr in Ihe p.iiienf \ KkI . 

i: A rivtho,i .»! .leteiriiininL' pM.jrrjnM^ 4.f a p.itieni I;.im:.- a TNAI 
:<» ^taiTi- IK .,:;;.er ifU !i:.!r;.- T'l- ^^Up • 

. v;::;M:iru- .|^.l>::!..»Mf.,. .m !-u.'kei^ o:; v !:i«.fti....-: e Is.; m 
fiillM^f II. Mil m: the pa:ienf r-i.-. hr..::s, !S| :r; li. — .,/ :>^i,e. 

in ler J- . k U • finne ^.mis.iIiv :::.::k;:H ^j-.-t-..^^,,.,;^. jxj 

.liie:::;:-:snj a pr-y;;...!- .!;vv>::;;: 'he .fete:ini:;;\t ! i 

; • ;v::a::. - ;\;!ie: . ^Ti.tniir- ^.iiuei patieni* 

Ihe rii.th.K! .lajii. :: uherein ihe {%»Ki!i,nphu eerie::, rturkei^ 
are rnu i.»sa:elli;e ir.arke;^ 

I ^ I he riieih.Kl lI el.;m» i: wheie.n the ii^mv. eiMiipaicJ are romiaJin. 
tiveJ. p.ii.i!tih efhlv.Ue«t ^pivimen^ 

15 Ihe fueih.Kl of elaiiii i: ukrcin i\w pulxrnoiphie j:e«ciic markers 
aie amphf eJ pii.»r h» ^aiJ MepiM e«*inpariny 

nil-: JOHNS iiopkins iMVKRsn y ,„ 



CHRO.NJOSOME I8Q LOSS AND 
PROGNOSIS IN COLORECTAL CANCER 



ABSTHACT OF Tirr py«^ry op 

We have developed procedures lo examine the $:.(us of chromosome 18q 
-.th polymoT,hic genetic markers and DNA from formaJin-tued. paraffin, 
embedded tumon. Allelic loss of chromosome 18q was assessed in 145 
consecutively resected stage 11 or III colorectal carcinomas. 

Among patients with stage II disease, the five-year sutvival rate was 93 
percem in those whose tumor had no ev.dc.ce of allelic loss of chromosome ISq 
and 54 percent m those with allelic loss: a.T.un. p.t.cnts wKh stage III disease, 
'"'^■'^a' was 5: and 38 percent, respectnciy. 
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0^8571 — 
018SS7 26 
016S67 1 
01CS65 3 
D18S69 13 
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018SSS 12 
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016858 7 
O16S70 13 
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FIGURE 2 
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FIGURE 4 



